Major Depressive Disorder (MDD) is a lifelong and recurrent illness, such that many individuals require multiple courses of antidepressant medication treatment. While some patients respond completely to each course of treatment, many do not, and with each unsuccessful antidepressant trial the likelihood that a patient will respond decreases. This raises the possibility that neurophysiologic response in subsequent antidepressant treatment may be influenced by learning processes including sensitization, habituation, and/or classical conditioning. Classical conditioning would entail the association of cues such as pill-taking (conditioned stimuli; CS) with the effects of active medication (unconditioned stimulus; US), such that later presentation of the CS alone would come to elicit a conditioned response (CR). Such effects could be revealed by blinded administration of placebo following a period of treatment with active medication. Habituation effects (tolerance), or sensitization effects (increased response), which require only repeated exposure to a stimulus, might be evidenced after repeated courses of antidepressant treatment. Knowledge of how learning processes impact neurophysiologic response to successive courses of antidepressant treatment would have relevance for clinical populations. Specific hypotheses, however, may be tested in healthy non-clinical samples to avoid potential confounding factors related to severity or chronicity of illness. Learning theories would suggest two hypotheses: (1) neurophysiologic response to placebo will differ between subjects who were previously treated with antidepressant treatment as compared to placebo (classical conditioning hypothesis); and (2) neurophysiologic response to an initial course of antidepressant treatment will differ from response to a repeated course of antidepressant treatment. Pilot data addressed these hypotheses in healthy never-depressed women who had previously received four weeks of venlafaxine IR, 150 mg (antidepressant-experienced subjects; n = 2) or matching placebo (antidepressant-naive subjects; n = 4) under double-blind conditions. Six-and-a-half years later, we treated these six women with placebo for one week, followed by four weeks of double-blind treatment with venlafaxine IR, 150 mg. Brain functional changes over the course of treatment were assessed using quantitative electroencephalography (qEEG) to compare prefrontal neurophysiologic responses between subjects who had, versus had not, previously been exposed to venlafaxine. Antidepressant-experienced versus antidepressant-naive subjects showed greater decreases in prefrontal cordance (PFC) during venlafaxine administration (sensitization hypothesis) but did not show significantly different PFC changes during treatment with placebo in this small pilot sample (classical conditioning hypothesis). Data suggest that brief treatment with antidepressant medication may have an enduring impact on neurophysiologic responses to a subsequent course of antidepressant treatment. Hypotheses should be tested in larger samples.
Introduction
Antidepressant medications are the most prescribed drugs in the United States [1] and are used by an estimated 11% of Americans ages 12 and older [2] . Whereas some persons undergo only a single course of antidepressant treatment, patients with Major Depressive Disorder (MDD) commonly suffer recurring depressive episodes that require multiple courses of treatment over 0306-9877/$ -see front matter Ó 2013 Elsevier Ltd. All rights reserved. http://dx.doi.org/10.1016/j.mehy.2013.09.016 successive episodes of illness. Knowledge of how the brain responds to multiple courses of antidepressant medication may have implications for treatment. Neurophysiologic response to antidepressant treatment may change over subsequent periods of drug exposure due to learning processes.
A major challenge in the treatment of MDD is treatment resistance: when an individual fails to respond to a course of medication treatment, he or she is commonly ''switched'' to a different medication, and with each successive change in medication, the likelihood of response diminishes. The decreasing likelihood of response in subsequent trials raises the possibility that in some patients, response to pharmacologic agents may be subject to learning effects including sensitization, habituation, and classical conditioning effects [3] [4] [5] [6] . Repeated exposure to antidepressant medication may constitute a conditioning procedure wherein cues in the treatment environment including the act of pill taking become conditioned stimuli ('CSs') due to their pairing with the physiologic effect of drug (the unconditioned stimulus or 'US'). Subsequent exposure to the CSs alone can then produce a conditioned response (CR) that either mimics the drug effect (an agonistic process thought to underlie some ''placebo responses''), or counters the drug effect as in a ''compensatory response'' (an antagonistic process that is a putative mechanism of drug tolerance). Conditioned stimuli have been shown to modulate behavioral and physiological effects of drugs in the experimental setting [3, 7, 8] . Other learning processes, sensitization and habituation, require only repeated exposure to a single stimulus, and may underlie increased and decreased responsitivity, respectively. Because most patients with MDD experience repeated exposure to antidepressants, these phenomena may have great relevance for clinical pharmacotherapy [9] .
Sustained or repeated exposure to a drug can elicit different forms of conditioning including compensatory physiologic responses resulting in tolerance [10] . In the context of antidepressant treatment, a clinical literature suggests that the clinical efficacy of antidepressant treatment may decrease over prolonged or repeated administrations [11] , such as in 'tachyphylaxis' [12] [13] [14] [15] [16] . Alternatively, repeated presentation of drug can also induce sensitization effects, i.e., increased physiologic and behavioral responses [17, 18] such as in stimulant-induced behavioral sensitization [19] [20] [21] [22] .
Preliminary evidence suggests that the neurophysiologic response to an initial course of antidepressant treatment differs from the neurophysiologic response during a later course of treatment. Such brain functional changes during antidepressant treatment have been studied using quantitative electroencephalography (qEEG). Specifically, qEEG cordance, a measure that is correlated with cerebral perfusion [23] , has repeatedly been demonstrated to capture prefrontal effects of antidepressant treatment in patients with MDD [24] [25] [26] [27] [28] [29] and in healthy subjects [30] . Previously, we found that 'antidepressant-experienced' subjects differed from 'antidepressant-naïve' subjects in their prefrontal neurophysiologic response to blinded treatment with antidepressant medication or placebo [31] . That is, we observed a larger prefrontal neurophysiologic response to medication or placebo among subjects who had a prior history of antidepressant treatment. The larger neurophysiologic response of antidepressant-experienced subjects during treatment with placebo would likely reflect classical conditioning effects, while the increased neurophysiologic response of antidepressant-experienced subjects during treatment with medication could reflect classical conditioning and/or sensitization processes.
Whereas these prior results demonstrate an altered brain functional response associated with prior antidepressant exposure, it is possible that in persons with recurrent MDD, the apparent effects of prior medication exposure could have been influenced by the biology of the illness, the effects of multiple prior antidepressant trials, the particular medications utilized, and/or clinical responses to prior treatment. For this reason, the potential influence of learning process effects of prior antidepressant treatment may be easier to isolate in healthy non-clinical samples.
Examining the effects of sequential treatments delivered to healthy subjects in an experimental setting could help to elucidate the potential influence of learning processes on neurophysiologic response to treatment. Specifically, a classical conditioning hypothesis would propose that neurophysiologic response to placebo would differ between subjects who were previously treated with antidepressant treatment as compared to placebo only. Learning theory hypotheses more generally (whether sensitization, habituation, or classical conditioning) would propose that the neurophysiologic response to an initial course of antidepressant treatment would differ from response to a repeated course of antidepressant treatment.
Below we present pilot data that address these hypotheses. We recruited never-depressed subjects who had completed a prior study of the effects of venlafaxine or placebo on normal brain function [31] and subsequently examined neurophysiologic response to placebo and to venlafaxine re-administration. Subjects who had received venlafaxine (i.e., 'antidepressant-experienced' subjects) or lookalike placebo (i.e., 'antidepressant-naïve' subjects) in the initial study six-and-a-half years prior were treated with one week of placebo, followed by four weeks of venlafaxine, in the present investigation. Prefrontal neurophysiologic measures were examined at baseline, and over the course of treatment, to assess differences in neurophysiologic response between subjects who had, versus had not, received a prior course of antidepressant treatment.
Methods

Subjects
Subjects were recruited from the 32 healthy, never-depressed individuals who had completed our prior study of venlafaxine effects on brain function [30] . We contacted all subjects who had completed the prior study, as provided for by our IRB-approved procedures, and invited them to contact us to determine eligibility for participation in this follow up study. Exclusion criteria included current or lifetime diagnosis of MDD as determined via structured assessment with the Mini-International Neuropsychiatric Interview for DSM-IV Axis I Disorders (MINI) [32] ; suicidal; any illness known to influence brain function; past or current use of antidepressant or other psychotropic medication; and, head injury or use of medication known to influence the EEG. Written informed consent was obtained at the screening visit before any assessment. Seven women responded and were screened, one of whom was excluded on the basis of chronic indomethacin use for pain. Six women completed the present study; two had previously been randomized to four weeks of treatment with venlafaxine 150 mg (antidepressant-experienced, n = 2) and four had been randomized to placebo (antidepressant-naïve, n = 4).
Subjects were required to abstain from use of any primarily CNS active medications including sedative-hypnotics, or other medications with significant CNS activity for 10 days prior to entering as well as during the course of the study. Urine toxicology screens were performed to rule out use of psychoactive medications. All recruitment and experimental procedures were approved by the UCLA IRB.
Design
After a one-week single-blind placebo lead-in, all subjects received double-blind treatment with venlafaxine 150 mg for a period of four weeks. Subjects and study personnel were informed that all subjects would receive a placebo at some point in the study, and that they might receive venlafaxine. Both the research coordinators and subjects were blinded to the actual study design. Brain function and mood were assessed at: baseline, end of placebo lead-in, 48 h after start of venlafaxine, and at weeks 1, 2, and 4 after start of venlafaxine. All procedures and conditions including study capsules, dosing, treating physicians and nurse, and the clinical laboratory, were identical to the prior study. As before, subject safety procedures were in place such that any subject with a significant change in mood and/or suicidal ideation during the five-week trial would be removed from the study and referred to their primary care physician and for evaluation. A study psychiatrist was available for consultation in the event of clinical necessity until the primary physician could be contacted.
Dosage and administration of study drug
Matching capsules containing either venlafaxine IR 37.5 mg or placebo were prepared by the UCLA Pharmacy. After a one-week placebo lead-in, subjects received one capsule of venlafaxine, with a dosage increase of 37.5 mg every two days (added on a b.i.d schedule) until subjects received four capsules daily (to achieve a dose of 150 mg of venlafaxine after seven days). Dosing and encapsulation of the study material were identical to the initial study [30] . At the end of five weeks, each subject was unblinded and was tapered off medication over the span of one week with a decrease in dosage of 37.5 mg every 2 days.
Mood and side effect assessments
Mood was assessed at each visit using the 17-item Hamilton Depression Rating Scale (HamD 17 ) [33] . Although the HamD 17 is designed to assess depressive symptoms in the context of clinical depression (and this sample did not meet criteria for mood disorder), we collected HamD 17 ratings for comparability with other studies and utilized the 'suicide' item to verify the absence of suicidality at pretreatment baseline, as well as to identify any potential changes in suicidal thoughts or behaviors over the course of treatment.
Side effects were assessed at each visit using the 3-item Frequency and Intensity of Side Effects Rating/Global Rating of Side Effects Burden (FISER/GRSEB) measure which was developed for use in the Sequenced Treatment Alternatives to Relieve Depression (STARÃD) protocol [34] . Subjects rated side effect frequency, intensity, and burden, respectively, on 7-point Likert-type scales ranging from '0' to '6'.
QEEG techniques and cordance calculations
EEGs were obtained at baseline and at the end of placebo leadin, as well as at 48 h, and 1, 2, and 4 weeks after beginning doubleblinded treatment with venafaxine. We recorded EEGs using 35 Ag/ AgCl electrodes positioned with an electrode cap (ElectroCap, Inc.; Eaton, OH) according to an extended International 10-20 System with Pz reference (Fig. 1 ). Subjects rested in the eyes-closed, maximally alert state in a sound-attenuated room with subdued lighting. Subjects were alerted frequently to avoid drowsiness, and were instructed to remain still and inhibit blinks or eye movements during each recording period. Electrode impedances were balanced and under 5 kX for all channels. Vertical and horizontal electro-oculograms (EOG) were recorded for identification of eye movement artifact using bipolar electrodes placed at the supraorbital and infraorbital ridge of the right eye and the outer canthi of the left and right eye, respectively. Impedance was maintained below 5 KX in all electrodes. EEG data were recorded for a minimum of 10 min using a 16-bit resolution QND Neurodata system (Neurodata, Inc.; Pasadena, CA) at a sampling rate of 256 Hz, with a highfrequency filter of 70 Hz, a low-frequency filter of 0.3 Hz, and a notch filter at 60 Hz. Data were imported into Brain Vision Analyzer (BVA) software (Brain Products GmbH; Gilching, Germany) to remove offsets, optimize scaling, and re-reference and segment the data into non-overlapping two-second epochs. Epochs containing eye movement, muscle, or movement-related artifacts, or amplifier drift were removed using a semiautomated interactive process. Two technologists inspected the data independently using multiple bipolar and referential montages, and removed those data segments containing artifacts.
The power spectral frequency of the artifact-free EEG data was calculated using the BVA fast Fourier transform (FFT) function. The 512-point FFT was calculated for artifact-free two-second epochs with a rectangular window, 0.5 Hz overlap at the limits of the band, and yielding a frequency resolution of 0.5 Hz. Power was calculated in four frequency bands, corresponding to delta (0.5-4 Hz), theta (4-8 Hz), alpha (8-13 Hz), beta (13) (14) (15) (16) (17) (18) (19) (20) , for all nearest neighbor bipolar pairs of electrodes.
Cordance values were calculated from the conventional qEEG power measures 'absolute power' (the total amount of power in a given frequency band at a given site) and 'relative power' (the amount of power in a given frequency band, relative to the total power across frequencies, at a given site). The three-step procedure described briefly here, and elsewhere in greater detail [23] , has been employed in a number of prior reports [25, 27, 31, 35, 36] . First, EEG power values were computed using a re-attributional electrode montage because this montage affords a higher correlation between EEG measures and PET measures of cerebral perfusion than other montages [37] (Fig. 1) . Second, the absolute and relative power values were z-transformed to measure deviation from the mean values for each electrode site s in each frequency band f for that recording, yielding A norm(s,f) and R norm(s,f) , respectively. Third, these z-scores were summed to yield a cordance ''intensity'' value, Z, for each electrode in each frequency band where Z (s,f) = A norm(s,f) + R norm(s,f) . Analyses for this report focused on change in theta-band cordance in the prefrontal region (electrodes Fp1, Fpz, Fp2) (Fig. 1) .
Statistical analyses
Analyses were conducted using IBM SPSS statistics version 20 with the threshold for significance set at p 60.05. Where t-tests were used to examine group differences, we first used Levene's test to assess equality of variances. When Levene's test was significant, t-tests were evaluated with equal variances not assumed. Change in PFC over time was assessed using linear mixed model analysis as detailed below. We used Wilcoxon-Mann-Whitney tests to compare FISER/GRSEB side effect ratings (ordinal scales).
We initially assessed the comparability of baseline clinical and demographic characteristics between groups. Subsequent analyses of brain functional differences addressed three questions of interest. Using independent samples t-tests, we first asked whether prior treatment with antidepressant medication had long-term effects on resting state prefrontal brain function by comparing baseline PFC between 'antidepressant-experienced' and 'antidepressant-naïve' subjects (i.e., subjects from the initial study who had previously been randomized to venlafaxine or placebo, respectively). We then compared change in PFC during single-blind placebo administration (i.e., during the one-week placebo leadin) between antidepressant-experienced and antidepressant-naïve subjects. Change in cordance was calculated as the difference between the value at the end of placebo lead-in, minus the value at pretreatment baseline. Finally, we compared brain functional changes over the course of venlafaxine treatment between antidepressant-experienced and antidepressant-naïve subjects using linear mixed model analysis (random intercept model) conducted using full maximum likelihood estimation (MLE). Changes in PFC were calculated from the end of placebo lead-into 48 h, and 1, 2, and 4 weeks, yielding a within-group factor of time with four levels. We employed a first-order autoregressive covariance structure to reflect our assumption that PFC measurements closer together in time would be more highly correlated.
HamD 17 total scores, and FISER/GRSEB ratings were compared between groups at the end of placebo lead-in, and over the four weeks of venlafaxine treatment (mean of visits: 48 h, and weeks 1, 2, 4). We also compared groups regarding the change in HamD 17 and FISER/GRSEB score from the placebo lead-in phase to the venlafaxine treatment phase. The suicidality focused item of the HamD 17 was examined to determine any change in suicidal ideation.
Results
Characteristics of the sample
Groups did not differ significantly on age, HamD 17 score, or on time since prior treatment (Table 1 ).
Brain function
Baseline measures: Table 2 shows PFC values for antidepressantexperienced and antidepressant-naïve subjects at baseline of the initial study (Leuchter et al. [30] ), baseline of the present study, as well as change in baseline PFC since the initial study. No statistically significant differences were observed.
Brain changes during placebo lead-in: No significant betweengroup difference in PFC was observed during placebo lead-in. PFC changed À0.54 (±0.44) in the treatment-experienced group, and À0.09 (±0.46) in treatment-naïve subjects; t (4) = 1.14, p = 0.32.
Brain changes during antidepressant treatment: Linear mixed model analysis found a significant effect of prior treatment (F = 6.56, p = 0.04). As shown in Fig. 2 , subjects who had previously been treated with venlafaxine showed greater decreases in PFC during venlafaxine treatment than did subjects who had not previously been exposed to antidepressant medication. Because subjects in the antidepressant-experienced group were numerically (but not statistically) older, we examined age as a predictor of change in PFC. The linear mixed model examining only age as a predictor was not significant (F = 1.00, p = 0.35); a linear mixed model examining treatment history and age as simultaneous predictors did not find a significant effect of age (F = 4.13, p = 0.85) or prior treatment (F = 4.13, p = 0.09).
Mood outcomes
The mean HamD 17 total scores for the sample were 2.5 ± 2.9 at the end of the placebo lead-in, and 3.9 ± 2.8 during venlafaxine treatment. There was no significant difference between groups at any time point, nor was there a significant group difference in HamD 17 change from the end of placebo lead-in, as compared to Table 1 Baseline clinical and demographic characteristics of the sample.
All subjects (n = 6) Antidepressant-experienced (n = 2) Antidepressant-naïve (n = 4) during antidepressant treatment. No subject reported an increase in suicidality (thoughts or behaviors) as assessed by the suicide-focused item of the HamD 17 , or otherwise during subject assessments, at any point during the study.
Side effects
Mean side-effect ratings during the placebo lead-in period were clinically insignificant ranging from '0' ('no side effects') to '1' ('trivial') and did not differ significantly between antidepressantexperienced, and antidepressant-naïve groups.
Over the four weeks of venlafaxine treatment, mean side effect ratings in the antidepressant-naïve group were less than 1, whereas the antidepressant-experienced group ratings of intensity, frequency and burden were 3.4, 3.4, and 2.5, respectively, indicating side effects of 'moderate' to 'marked' severity, present 50-75% of the time, resulting in 'mild' to 'moderate' impairment. Side effect intensity during venlafaxine treatment was significantly greater in antidepressant-experienced subjects, as compared to the antidepressant-naïve group (p = 0.049); side effect frequency (p = 0.064) and burden (p = 0.064) showed trend relationships in the same direction (Table 3) . Changes in side effect ratings from placebo lead-into active treatment were not statistically significantly different between groups.
Discussion
These pilot data suggest that neurophysiologic response during a second period of exposure to antidepressant medication differs from the brain response to an initial period of exposure. Across four weeks of venlafaxine treatment administered to healthy non-depressed subjects, we observed greater decreases in PFC among those subjects who had received a prior course of venlafaxine as compared to those who had not. This observation aligns with our previous finding in MDD where 'antidepressant-experienced' subjects also showed greater decreases in PFC as compared to 'antidepressant-naïve' subjects [31] . In the MDD study, prior antidepressant treatment was associated with a greater decrease in PFC even when controlling statistically for symptom severity, symptom improvement, and family history of depression; however, it is possible that other illness-related factors were responsible for the apparent effect of prior exposure. Our present finding in healthy never-depressed subjects suggests that exposure to a prior course of antidepressant treatment itself may influence neurophysiologic response to a subsequent course of antidepressant treatment independent of illness effects.
Viewed another way, the larger decreases in PFC among antidepressant-experienced subjects may serve as an indicator that the brain has previously ''seen'' drug. In our initial placebo-controlled study of venlafaxine effects in healthy subjects, the drug group showed small decreases in PFC whereas the placebo group showed increases in PFC over the same time period [30] . In the present data, it appears that the neurophysiologic effect of drug registered more strongly among subjects for whom this constituted a second exposure to venlafaxine treatment.
Antidepressant-experienced subjects reported numerically greater side effect frequency, intensity, and burden during venlafaxine treatment. In contrast to the antidepressant-naive group whose ''trivial'' and ''minimal'' side effects were present 10% of the time, the antidepressant-experienced group endorsed side effects of ''moderate'' to ''marked'' intensity, resulting in ''mild'' to ''moderate'' impairment, present more than 50% of the time. The group difference reached statistical significance regarding the side effect intensity measure. During the placebo lead-in phase, however, we did not observe any group difference in side effects even though prior exposure to venlafaxine might have been expected to yield greater side effects during blinded treatment with placebo due to classical conditioning effects.
The present observation of greater neurophysiologic and behavioral effects of antidepressant administration in subjects who were previously exposed to medication is consistent with aspects of drug sensitization paradigms. One such paradigm, stimulant-induced behavioral sensitization, is a well-established phenomenon wherein behavioral reactivity to the same dose of a stimulant increases over time [18, 19] . In this model, behavioral sensitivity to cocaine is demonstrated to reflect both context-specific and context-independent conditioning effects depending on parameters of the conditioning procedure. For example, whereas the sensitization effects of day one drug pretreatment on day two test treatment may be explained fully by contextual (environmental) cues (i.e., sensitization occurs only when pretreatment and test are conducted in the same environment), sensitization effects of chronic treatment include both context-enhanced, and context-independent, conditioning effects such that some sensitization to drug is apparent even in a novel environment [18] . In the present study, drug administration conditions including the research laboratory site, staff, and the medication capsule itself were highly similar to those of the subjects' first exposure to drug six and a half years 
Change in PFC
Treatmentnaïve (n=4) Treatmentexperienced (n=2) Fig. 2 . Changes in prefrontal cordance (PFC) ± SE from end of placebo lead-in across four weeks of blinded treatment with venlafaxine. Healthy subjects who had previously been treated with venlafaxine showed greater decreases in PFC as compared to subjects who had previously received placebo.
Table 2
Prefrontal cordance (PFC) at baseline, and change in baseline since the initial study, for groups previously treated with venlafaxine or placebo.
Antidepressant-naïve (n = 4)
Antidepressant-experienced (n = 2) Another paradigm, 'time-dependent sensitization' (TDS) [9, 22, 38, 39] , describes increased biological effects of drug as a consequence of the passage of time following acute or brief treatment. Although a specific mechanism has not been identified, TDS is thought to reflect a non-pharmacokinetic process wherein the biological effect of initial drug exposure grows stronger with time, rather than by prolonged, regular (e.g. daily) dosing. Clinical implications of TDS include the possibility that brief intermittent exposures to drug might achieve increasing clinical effects over time, as considered in 'pulsed therapy' or the 'pulse loading strategy' [40, 41] . Whereas TDS has been demonstrated up to months following intermittent exposure [42] our study suggests enduring effects of an initial course of daily antidepressant exposure, with no intervening exposure. In this sense, our present observation does not directly parallel the TDS, although these phenomena may be related.
Regarding qEEG biomarkers of treatment response, decreases in PFC in the first week of antidepressant treatment have been associated with clinical response to pharmacotherapy in MDD [24] [25] [26] [27] [28] [29] 36] . Most MDD subjects in prior studies of qEEG cordance have had multiple depressive episodes and have previously been treated with medication. Prior antidepressant treatment has been associated with poorer outcome [43] [44] [45] including in the STARÃD trial [46] and in our own data [47] . One might therefore expect that subjects previously exposed to antidepressant medication (a population with generally poorer outcomes) would show smaller, rather than larger decreases in PFC upon re-exposure to medication. Given the current pilot results, further work is needed to address the role that prior antidepressant exposure may play as a potential moderator of the relationship between qEEG biomarkers and clinical response in MDD. It is possible that antidepressant treatment history, and attendant learning processes inherent in prior exposures to antidepressant medication may play a critical role in the interpretation of other brain imaging results as well.
Conclusion, caveats, and future directions
We hypothesize that prior antidepressant exposure may influence the brain's response to antidepressants in subsequent treatment trials. Learning theories would suggest that a series of courses of antidepressant treatment could lead to sensitization, habituation, and conditioned responses. The pilot data examined here provide support for an effect of prior treatment on neurophysiologic response to a subsequent course of treatment. We observed a greater prefrontal neurophysiologic response early in the course of acute treatment in antidepressant-experienced subjects that is consistent with sensitization processes; however, further repeated or prolonged exposure could result in habituation. Future longitudinal brain imaging studies in clinical populations undergoing extended treatment could help elucidate the time course of potential sensitization and habituation effects on neurophysiologic and clinical response. Whereas this small pilot cohort allowed us to compare the neurophysiologic effects of an initial well defined course of antidepressant treatment (4 weeks of venlafaxine IR) to a second identical course of antidepressant treatment, without the potential confounds of psychiatric illness or intervening periods of antidepressant treatment, the influence of learning processes in clinical populations would be more complex. For example, patients with depression might have a history of responding either favorably or unfavorably, clinically, to prior treatments. To the extent that a patient's personal history involves 'successful' prior treatment, antidepressant treatment may come to be associated with a reduction of symptoms wherein conditioned responding accentuates the clinical benefits of treatment. Conversely, some patients with depression, when they experience many days of antidepressant medication ingestion without any relief of symptoms, may become conditioned to not respond to clinically to treatment. In these patients, conditioning effects such as 'learned irrelevance' could contribute to the treatment-resistant depression.
The pilot data results presented in this paper should be interpreted with the understanding that replication in larger samples is imperative. First and foremost, small sample sizes increase the possibility of spurious findings, render low power to detect significant effects, and preclude meaningful examination of covariates. Second, it is possible that subjects in this investigation may have differed from the larger pool of subjects from the prior study, or from the general population. For example, those individuals who better tolerated treatment in the initial study may have been more likely to pursue the follow up study. Third, despite no statistically significant difference in age between groups, our sample included a wide range of ages spanning into older age, and brain responses to drug may change in later life. However, we did not observe an effect of age on brain functional changes. Fourth, it should be noted that treatment-experienced subjects were observed to both show greater decreases in PFC, and report greater side effects. It is possible that the increased side effect profile might underlie the greater changes in brain function. Finally because this study examined the effects of a repeated course of only one medication, venlafaxine IR, we do not know how these results would generalize to other antidepressants or classes of antidepressant medication.
The observation that the healthy subjects who were previously exposed to antidepressant medication had neurophysiologic responses that differed from those not previously exposed, even years later, suggests enduring effects of medication exposure. More study is warranted to replicate this finding, explore the learning processes or other bases of this phenomenon, and to further address its potential implications for clinical treatment, and for the design of studies that examine brain functional effects of antidepressant treatments.
Support
This research was supported by a seed grant from the UCLA Academic Senate. Medication was provided by Pfizer, Inc.
Conflict of interest statement
Dr. Hunter is an inventor of a UCLA-assigned patented method to predict antidepressant effects. Dr. Cook, over his career, has received research support from Aspect Medical Systems/Covidien, Cyberonics, Eli Lilly and Company, High Q Foundation, John E. Fetzer Foundation, John A. Hartford Table 3 Frequency, intensity, and burden of side effects during treatment with venalfaxine for groups previously treated with venlafaxine or placebo (mean ± standard deviation).
Antidepressant-naïve (n = 4)
Antidepressant-experienced (n = 2) Wilcoxon-Mann-Whitney, 2-tailed p-value 
